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Abstract 
The construction of new high-speed rail (HSR) lines, in a climate of financial instability since the onset of the global crisis of 
2007-2008, has reopened the debate among the scientific community. Support for the new projects is facing serious concerns 
over the extremely elevated costs of high-speed and the ability of today’s governments to fund or co-fund these systems. This is 
the main reason the assessment of methodologies to prioritise the construction of new High-Speed Rail (HSR) corridors has 
recently become an important issue for transport planners in countries like the U.S. where HSR does not exist. 
 
The literature on ranking tools for prioritising HSR corridors is practically non-existent, even in Europe. In 2009, a new ranking 
methodology was developed and applied to 30,000 city pairs in the U.S. to determine their suitability for high-speed rail 
investment. As none of these lines has been constructed and none of them are in operation, this methodology has not been 
validated. The main objective of this paper is to analyse, validate and improve this ranking tool using data from a current HSR 
network: the Spanish one. Results show the consistency of the model as a preliminary approach to ranking pairs, mainly for the 
top first O-D relations; however the model fails to discriminate clearly between secondary groups of corridors. These deficiencies 
are chiefly due to the type of variables used by the model which ultimately, after improved, would provide policymakers with a 
useful tool when planning the construction of a new HSR network. 
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1. The HSR prioritization approach 
The search for validated methodologies to prioritise the construction of new high-speed rail (HSR) lines has 
recently emerged as a key issue for transport planners in countries with no previous HSR systems. The U.S. is a 
good example of this process. In February 2009, as part of the American Recovery and Reinvestment Act (ARRA), 
Congress allocated 8 billion dollars to the states for intercity rail projects, prioritising projects that support the 
development of a high-speed intercity service. Previously, high-speed rail (HSR) in the United States was limited to 
Amtrak’s Acela Express Service, which runs along the Northeast Corridor (from Boston to Washington D.C.) at 
speeds averaging 110 km/hr for the entire distance, although briefly reaching 240 km/hr at times. This ARRA was 
accompanied in April 2009 by the publication of the first American High-Speed Rail Strategic Plan (Federal 
Railroad Administration FRA, 2009), an ambitious document directly proposing ten priority HSR corridors.  
 
There is a wide divergence between U.S. and European scenarios for the implementation of HSR. Most authors 
(see Button, 2012) concur as to the “controversial” nature of the definition of HSR given in the American Strategic 
Plan, as it refers not to a new infrastructure but to the type of service (Express, Regional and Emerging). Emerging 
and Regional lines (with speeds under 250 km/h) cannot be considered “pure HSR” under European (the Council of 
the European Union, 1996) standards, and the vast majority of the HSR corridors in the American Strategic Plan 
barely fall into this last group (Emerging). In view of the fact that only new American HSR Express corridors will 
have comparable construction and operation costs to European and Asian HSR lines, the FRA takes an interesting 
approach in its Strategic Plan: not all the proposed HSR corridors will require the same type of passenger rail 
service. This approach reveals a genuine HSR planning process, involving an analysis of the particular features of 
each candidate corridor before funding. Even in European countries, the construction of the first HSR lines did not 
follow the results of a ranking assessment within a transportation and urban planning process. This is the reason that 
little research has been done in Europe on methodologies based on ranking HSR corridors, while there is much more 
literature on demand forecasting for new HSR lines.   
 
The initial proposal of the FRA was to develop a mechanism to assess which corridors across the nation have the 
greatest potential demand for high-speed rail, and would thus provide the greatest transportation, economic, and 
social benefits; but finally no methodology was formally established. This urgent need to devise a ranking 
methodology to prioritise future HSR corridors has coincided with a worldwide financial crisis. The construction of 
the first high-speed rail (HSR) lines in countries like United States and the U.K., immersed in a climate of financial 
instability since the onset of the 2007-2008 global crisis, has reopened the debate among the scientific community 
specialising in HSR. In 2012, vol. 22 of the Journal of Transport Geography included –at a very timely moment– a 
special section on rail transit systems and high-speed rail, featuring an in-depth discussion of the first American HSR 
Strategic Plan developed by the FRA. This special section contains an analysis that makes clear and constant 
references to the European HSR experience. Although some authors support the new projects (Johnson, 2012), 
opponents (Button, 2012) express grave concerns over the exorbitant cost of high-speed rail, and the ability of 
today’s governments to fund these systems. Other authors (Givoni and Banister, 2012) focused their analysis on the 
integration of the transport system, arguing that experience proves that the success or failure of a new HSR line does 
not depend only on speed, but on door-to-door travel time, and this depends on the integration of the entire transport 
system. Against this economic backdrop, the prioritisation of future HSR corridors has become an indispensable tool 
for avoiding future financial failures. 
 
The first attempt to develop a prioritisation tool was made by two American urban planners (Todorovich and 
Hagler, 2009).  The model (described in detail in section 2) used twelve variables to create an index across five 
categories: population size, urban transit connections, origin-destination distance, economic vitality and congestion. 
These five categories were weighted and then added in an equation that allocated scores to 27,000 city pairs in the 
U.S., with New York-Washington coming top of the ranking. The top city pairs appeared to be consistent from a 
potential demand approach, although the model has not been validated with real data. There is therefore no real data 
available to check the results. The proposed methodology is based on the hypothesis that five main categories of 
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variables determine the value of the Ranking Index (RI) to score corridors in order to evaluate their HSR potential 
demand. 
 
Although demand forecast is not the only criterion for ranking corridors, it is a key factor for scoring projects. 
However traffic generated by a new transport infrastructure is always difficult to estimate by traditional modelling 
(Ortúzar and Willumsen, 2001) due to the percentage of “induced passengers”: these are new passengers, new trips, 
that are not transferred from another previous mode of transportation in a corridor. These shortcomings also have a 
direct impact on the induction calculation. Attempts have been made to introduce a new concept in the generation 
stage, such as “demand feedback to any change in the transportation network” by means of an accessibility variable. 
However, the experience has so far proven ineffective, at least for aggregated models, partly due to the difficulty in 
establishing an adequate accessibility indicator (Ortúzar et al, 2000). 
 
In conclusion, if the ranking tool is based solely on the demand approach, the literature indicates that at least the 
current alternative modes to high-speed should be considered in each corridor. It would be also advisable –albeit 
difficult– to include some type of accessibility variable in this aggregated model in order to evaluate changes in 
accessibility caused by the new HSR line. 
 
If the ranking tool is based on a financial approach using profitability criteria, the complexity of the methodology 
increases, depending on the concept of profitability used and the type of benefits considered for the profitability 
calculation. HSR profitability has recently emerged as an important issue for scientific literature, due to the 
restrictions in public expenditure caused by the financial crisis. In 2007, de Rus and Nombela (de Rus and Nombela, 
2007) were the first to calculate the required minimum level of demand from which investment in HSR could be 
considered profitable from a social perspective. They used the real costs of construction, maintenance and rolling 
stock for currently operating European HSR lines, in addition to potential time savings, standard values of time and 
expected growth in demand (which is not easy to predict, as argued above). Although this approach has been 
generally accepted by the scientific community, it is clear that the wider economic benefits of high speed are 
difficult to estimate, as they are swamped by many –not inconsiderable– external factors such as territorial impacts. 
Social benefits can be calculated not only according to potential time savings, standard values of time or expected 
growth of demand. Territorial impacts may lead directly to social and economic benefits, and although they are 
difficult to estimate and analyse, attempts to study them have been made by some Spanish authors. Gutierrez Puebla 
(2001) directly measured the accessibility impacts of the future Madrid-Barcelona-French border HSR line. This 
estimate revealed that while the new HSR line would increase territorial inequity at the national level, the same line 
would reduce the disparity in accessibility at the European and corridor level (as peripheral small and medium-sized 
cities would gain greater accessibility benefits than large central cities). HSR impacts at different territorial levels 
have also be analyzed (Ureña et al, 2009) and it was concluded that HSR systems helped large intermediate cities 
attract mid-level business and technical consultancy firms, urban tourism, and interregional conferences, in addition 
to increasing the regional centrality of these cities in relation to smaller cities. Ortega et al (2012) analysed the 
impact of high-speed rail on territorial cohesion at different planning levels. These territorial impacts are barely 
taken into account in HSR profitability studies, but should not be overlooked in any ranking tool to prioritise 
corridors at a national level. 
2. Ranking models 
The methodology proposed by Todorovich and Hagler (2009) is based on the hypothesis that five main categories 
of variables determine the value of a Ranking Index (RI) to score corridors in order to evaluate their HSR potential: 
population size, urban transit connections, origin-destination distance, economic vitality, and congestion. These five 
categories of variables were weighted and then added in an equation (1) for scoring the city pairs. Table 1A, Table 
1B and Table 2 give an explanation of each variable with its associated value. The equation was applied only to 
American cities of above 50,000 inhabitants, and this process included approximately 600 cities and towns. The city 
pairs were created using a geographic information system (GIS), connecting each city to all other cities located 
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between 100 and 500 miles (160 km and 800 km) from the origin city. This yielded approximately 27,000 city pairs 
across the nation on which to base the analysis. 
 (Equation 1) 
 
 
 
 
 
 
Equation 1 shows that the model is fairly dependent on the weight allocated to each variable. The values of the 
variables range from 0 to 3.0, and the authors logically give the maximum weight (10) to the variable Metro_Main 
(or Metro_Ma_1), which reflects whether the origin city (or destination) is the largest in the metropolitan area. As 
can be seen, the number of variables associated to the features of each city (urban structure, transit connection and 
population size) is greater than the combined variables associated to the corridor itself: distance, combined economic 
variable and combined congestion index. This approach prioritises the functional structure of the two cities over the 
interaction between them, and this fact will condition the modelling results. In terms of the population variables 
used, the definition of a metropolitan area is clear in the U.S., and the Federal Register (2000) has published the 
Standards for Defining Metropolitan and Micropolitan Statistical Areas, but in Europe these statistical data (the size 
of the main metropolitan areas) tend to be more elusive. The ranking index also aims to take into account urban form 
and population density by determining whether a city is located in a megaregion (also called megalopolis or the 
megapolitan area). Megaregions, as a concept (Gottman J., 1961), are defined as networks of metropolitan regions 
with shared economies, infrastructure and natural resource systems, stretching over distances of roughly 300 miles - 
600 miles in length. In 2008, the Regional Plan Association (RPA), an American independent not-for-profit regional 
planning organisation founded in 1922, recognised 11 emerging megaregions (RPA, 2008) in the U.S. In Europe, 
this term is rarely used because each European country functionally constitutes a small megaregion. 
              Table 1A. Population variables. Synthesis of choices and values according to the Todorovich and Hagler model. 
Variable Meaning Possible Choices Value 
Met_Pop  Metropolitan Area Population of Origin City <250,000 0.0 
  250,000-1,000,000 1.0 
  1,000,000-2,500,000 2.0 
  >2,500,000 3.0 
Met_Pop_1 Metropolitan Area Population of Destination City <250,000 0.0 
  250,000-1,000,000 1.0 
  1,000,000-2,500,000 2.0 
  >2,500,000 3.0 
Metro_Main Is the origin city the largest in the metropolitan area? Yes 1.0 
  No 0.0 
Metro_Ma_1 Is the destination city the largest in the metropolitan area? Yes 1.0 
  No 0.0 
City_pop Population Origin City <100,000 0.0 
  100,000-500,000 1.0 
  500,000-1,500,000 2.0 
  >1,500,000 3.0 
City_pop_1 Population Destination City <100,000 0.0 
  100,000-500,000 1.0 
  500,000-1,500,000 2.0 
  >1,500,000 3.0 
Mega Is the origin city located in a megaregion? Yes 1.0 
  No 0.0 
Mega_1 Is the destination city located in a megaregion? Yes 1.0 
  No 0.0 
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Table 1B. Transit variables. Synthesis of choices and values according to the Todorovich and Hagler model. 
Variable Meaning Possible choices Value 
CR Commuter Rail at Origin City Yes 1.0 
  No 0.0 
CR_1  Commuter Rail at Destination City Yes 1.0 
  No 0.0 
LR Light Rail at Origin City Yes 1.0 
  No 0.0 
LR_1 Light Rail at Destination City Yes 1.0 
  No 1.0 
S_LR_Len_I Origin City Light Rail System Mileage 0 0.0 
  0-15 0.5 
  15-30 1.0 
  >30 1.5 
E_HR_Len_I Destination City Light Rail System Mileage 0 0.0 
  0-15 0.5 
  15-30 1.0 
  >30 1.5 
HRT  Heavy Rail Transit Origin City Yes 1.0 
  No 0.0 
HRT_1  Heavy Rail Transit Destination City Yes 1.0 
  No 0.0 
S_HR_Len_I Origin City Heavy Rail System Mileage 0 0.0 
  0-25 0.5 
  25-100  1.0 
  >100 3.0 
E_HR_Len_I Destination City Heavy Rail System Mileage 0 0.0 
  0-25 0.5 
  25-101  1.0 
  >100 miles 3.0 
 
In terms of the population variables used, the definition of a metropolitan area is clear in the U.S., and the Federal 
Register (2000) has published the Standards for Defining Metropolitan and Micropolitan Statistical Areas, but in 
Europe these statistical data (the size of the main metropolitan areas) tend to be more elusive. The ranking index also 
aims to take into account urban form and population density by determining whether a city is located in a 
megaregion (also called megalopolis or the megapolitan area). Megaregions, as a concept (Gottman J., 1961), are 
defined as networks of metropolitan regions with shared economies, infrastructure and natural resource systems, 
stretching over distances of roughly 300 miles - 600 miles in length. In 2008, the Regional Plan Association (RPA), 
an American independent not-for-profit regional planning organisation founded in 1922, recognised 11 emerging 
megaregions (RPA, 2008) in the U.S. In Europe, this term is rarely used because each European country functionally 
constitutes a small megaregion. 
 
Other point to take into account when the equation is to be applied to a context other than the US is the existence 
of a road congestion variable. The “travel time” index (TTI) is the ratio of travel time in the peak period to the travel 
time in free-flow conditions (TTI ranges from 1 to 1.5). In the U.S. this type of data is compiled by the Texas 
Transportation Institute (TTI) in its Urban Mobility Report, but it is not easy to come by a similar study in Europe 
As not all U.S. metropolitan areas in the case study have TTI indices, cities not specifically identified with a TTI 
were given the TTI for their size of metropolitan area, either “small” (150,000-500,000 inhabitants), “medium” 
(500,000 – 1,000,000), or “large” (1,000,000). This last scale was applied to the Spanish metropolitan areas due to 
the lack of congestion index data. 
 
Table 3 shows the top city pairs obtained using this ranking methodology. The scores for the 27,000 city pairs 
ranked in this index ranged from 3.9 to 44.9, and the scores the authors finally listed beside the city pairs represent 
that city pair’s scores as a percentage of the top score. The results obtained are consistent with an intuitive a priori 
assessment: high-population density U.S. regions would head the ranking pairs and, as expected, the top 50 city pairs 
identified were primarily concentrated in the Northeast, California, and the Midwest. However there is no analysis 
relating the evolution of the gap between the score of each pair and the previous one. When this gap is wider, does 
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this mean the pairs are functionally more different? Some changes are probably needed in the variables and the 
model structure to solve these drawbacks. 
Table 2.. Combined variables (length, GDP Geometric Mean and congestion index). Synthesis of choices and values according to the 
Todorovich and Hagler model. (* ) Estimated TTI for non registered cities depends on metropolitan population 
Variable Meaning Possible choices Value 
C_Length Corridor Length (miles) <150 1
100
Length  
  150-300 2.5 
  300-350 5.0
100
500  Length  
  >300 
100
500 Length  
Variable Meaning Possible choices Value 
C_GDP_Scal Geometric mean of per capita GDP  <20,000 0.0 
 of the two metro regions (dollars) 20,000-30,000 0.5 
  30,000-40,000 1.0 
  40,000-50,000 1.5 
  50,000-60,000 2 
  >60,000 2.5 
Variable Meaning Possible choices 
 (TTI for no registered cities*) 
Value 
TTI_IND Combined TTI index of  
the two cities in city pair  
S_TTI (Origin city TTI) 
E_TTI (Destination city TTI) 
TTI = Texas Institute Travel Time Index 
1.09    (150,000 -500,000 inh.) 
 
1.16    (500,000-1,000,000 inh.) 
 
1.23           ( >1,000,000 inh.) 
 
 
 
2.5(S_TTI -1)  
+ 2,5 (E_TTI-1) 
   
 
 
                      …………………….          Table 3. Top 50 city pairs in the U.S. 
Rank City pair Score Rank  City Pair Score 
1 New York-Washington 100.00 26 Detroit-Washington 87.27 
2 Philadelphia-Washington 98.24 27 Cleveland-New York 87.25 
3 Boston-New York 97.22 28 Philadelphia-Pittsburgh 87.23 
4 Baltimore-New York 96.83 29 Portland-Seattle 87.19 
5 Los Angeles-San Francisco 96.43 30 Pittsburgh-Washington 86.69 
6 Boston-Philadelphia 96.05 31 Los Angeles-Sacramento 86.58 
7 Los Angeles-San Diego 94.92 32 New York-Providence 86.58 
8 Los Angeles-San Jose 94.19 33 Raleigh-Washington 86.36 
9 Boston-Washington 92.79 34 Detroit-Philadelphia 86.30 
10 Dallas-Houston 91.37 35 Chicago-Louisville 86.25 
11 Chicago-Detroit 91.09 36 Hartford-Philadelphia 86.20 
12 Baltimore-Boston 90.39 37 San Diego-San Jose 86.14 
13 Chicago-Columbus 89.42 38 Hartford-Washington 86.13 
14 Chicago-Saint Louis 89.25 39 Chicago-Cincinnati 86.02 
15 Los Angeles-Phoenix 89.03 40 Cleveland-Philadelphia 85.99 
16 Chicago-Cleveland 88.71 41 Charlotte-Philadelphia 85.60 
17 Charlotte-Washington 88.39 42 Philadelphia-Raleigh 85.58 
18 San Diego-San Francisco 88.32 43 Buffalo-New York 85.58 
19 Columbus-Washington 88.21 44 New York-Virginia Beach 85.52 
20 Cleveland-Washington 88.13 45 Austin-Dallas 85.47 
21 New York-Pittsburgh 88.03 46 Manchester-New York 85.41 
22 Phoenix-San Diego 87.97 47 Philadelphia-Providence 85.36 
23 Las Vegas-Los Angeles 87.79 48 Bridgeport-Philadelphia 85.31 
24 Detroit-New York 87.47 49 Columbus-Philadelphia 85.24 
25 Chicago-Minneapolis 87.33 50 New York-Rochester 85.11 
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The Spanish experience is proof that the design of a HSR network is subject to a number of territorial constraints. 
In the following pages, the Spanish case is used to validate this methodology and discuss how this type of tool can 
play an important role in planning new HSR lines. 
3. Case study: the Spanish HSR network 
This section applies the equation proposed by Todorovich and Hagler to Spain in order to study a country with a 
HSR network, and determine the best phasing of a HSR construction plan. In order to use similar criteria to the U.S. 
model, some considerations should be taken into account. Spain is administratively divided into 17 regions and 50 
provinces, and only the capitals of the province were selected for the first application of the American model (except 
capitals located in the islands). All these cities have over 50,000 inhabitants, and, except for two special cases, 
represent the highest population in the province.  The first run of the model demonstrated clearly that we had 
overlooked two cities –not provincial capitals– whose population was greater than the capital itself: Jerez de la 
Frontera and Gijón. In these special cases, these cities –together with the provincial capital– were considered as one 
metropolitan area (Oviedo-Gijón, Cádiz-Jerez de la Frontera), and thus in the definitive model application these two 
cities were included in the list of selected nodes. City pairs were created by connecting each city to every other city 
located between 100 and 500 miles (160 km and 800 km) from the origin city. This selection process yielded 49 
cities and 1,176 city pairs across Spain on which the analysis was based. In view of the fact the model was not 
devised for use with metric units, Spanish distances were converted into miles, and the values in the GDP variable 
were converted into 2001 dollars- 
 
It should be noted in relation to the population variables used in the model that one of the main problems when 
adopting metropolitan areas as units of analysis and policy in European countries is the absence of widely-accepted 
standards with which to identify them. The dearth of studies in Spain identifying metropolitan areas is a serious 
drawback that discourages the use of metropolitan areas as units of analysis in the study of interurban transportation. 
The model proposed by Todorovich and Hagler uses five variables dependent on metropolitan areas (Met_Pop, 
Met_Pop_1, Metro_Main, Metro_Ma_1, C_GDP_Scal and TTI_IND). In view of the lack of official data, we have 
used the results provided by Boix and Veneri (2008) to identify Spanish metropolitan areas according to the Spanish 
2001 National Census INE (Instituto Nacional de Estadística). There are five major metropolitan areas in Spain 
(Madrid, Barcelona, Valencia, Seville and Bilbao) which have about 35% of the national population and 38% of the 
employment. Only the metropolitan regions of Madrid and Barcelona have over 2.5 million inhabitants, while 
Valencia, Bilbao, Murcia, Malaga and Gijón-Oviedo belong to the second group defined in the ranking model 
(between 1 million and 2.5 million inhabitants). 
 
In relation to the U.S. concept of megaregion, we have worked on the hypothesis that all the O-D pairs in this 
study belong to the same megaregion, and this variable therefore did not affect the scores. However, we have 
maintained it in the ranking model in order to conserve the original structure. 
 
Data on commuter rail, heavy rail and light rail, as well as the length of the heavy rail and light rail transit 
system for each Spanish city selected were also included in the ranking model. It should be noted that the market 
share of public transport in the urban Spanish context is higher in comparison to U.S. cities. As an example, public 
transport is very important in the two largest metropolitan areas, as it reaches values of the same order of magnitude 
as the private vehicle: 40.4% in Madrid and 31.4% in Barcelona (Gobierno de España, 2012). The role played by 
urban buses, although not taken into account in the ranking model, is very significant in Spain. The density of rail 
service supply in regard to population and surface area shows smaller ranges than the density of bus services (2,000-
5,000 km. per 1 million inhabitants). 
 
As the per capita GDP in metropolitan regions in Spain is not recorded by the INE, we have used provincial 
data: per capita GDP at the provincial level according to the regional Accounting Base. Furthermore, due to 
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significant differences between the value of the U.S. and Spanish GDP per capita (only two provinces had a 
minimum of 20,000 dollars of per capita GDP in 2001), the range of values of the C_GDP_Scal variable (Table 1) 
had to be changed. In order to differentiate corridors according to an economic variable, we have used a more 
realistic scale, maintaining the top value of the variable in the U.S. model. The value begins at 0 for corridor 
C_GDP_Scal under 10,000 dollars, then increases linearly and peaks at 2.5 for corridor C_GDP_Scal over 20,000 
dollars. 
 
There is no indicator similar to the TTI index at the European level, so the estimated TTI index for non-
registered cities proposed by Todorovich and Hagler (based on metropolitan population size) was used in the 
Spanish model. 
 
Table 4 shows the top 50 Spanish city pairs obtained by applying the model. The connections between the three 
most populated cities (Madrid, Barcelona and Valencia) appear in the top ten of the ranking, showing a considerable 
difference (up to 3.0) in their scores compared to the following city pairs (the average difference between subsequent 
city-pair scores is 0.41). Figure 2a shows the current Spanish HSR lines in operation with their corresponding 
opening date. The present network covers the top ten city pairs with the exception of four important missing links: 
Barcelona-Valencia, Madrid-Bilbao, Barcelona-Bilbao and Madrid-Murcia. 
 
Table 4. Top 50 HSR city pairs in Spain according to the results obtained using the model of Todorovich and Hagler.Top 50 city pairs 
in the U.S. 
Rank City pair Score Rank  City Pair Score 
1 Madrid- Barcelona 100.00 26 Valencia – Murcia 83.95 
2 Barcelona-Valencia 96.73 27 Valencia – Sevilla 83.78 
3 Madrid-Valencia 96.73 28 Madrid – A Coruña 82.90 
4 Madrid-Bilbao 93.01 29 Salamanca – Madrid 82.82 
5 Madrid-Sevilla 92.81 30 Madrid – Granada 82.51 
6 Madrid-Zaragoza 90.50 31 Madrid – Almería 82.14 
7 Barcelona-Bilbao 90.44 32 Barcelona- Castellón 82.14 
8 Madrid-Murcia 89.81 33 Madrid-Castellón 82.14 
9 Madrid-Malaga 89.53 34 Madrid-Cordoba 82.14 
10 Barcelona-Zaragoza 89.44 35 Madrid –Lleida 82.14 
11 Madrid-Gijón 88.21 36 Madrid-Logroño 82.14 
12 Barcelona-Murcia 88.04 37 Barcelona – Santander 81.86 
13 Madrid-Alicante 87.84 38 Barcelona- Burgos 81.62 
14 Barcelona-Alicante 87.41 39 Madrid-Tarragona 81.46 
15 Madrid-Vitoria 86.93 40 Valencia – Málaga 81.23 
16 Madrid-San Sebastián 86.77 41 Madrid – Albacete 81.07 
17 Barcelona-San Sebastián 86.16 42 Barcelona-Logroño 81.07 
18 Madrid-Santander 85.71 43 Madrid – León 81.07 
19 Barcelona-Vitoria 85.24 44 Valencia – Alicante 80.98 
20 Valencia-Zaragoza 84.64 45 Barcelona – Valladolid 80.13 
21 Barcelona-Pamplona 84.27 46 Madrid-Jerez de la Fontera 80.13 
22 Madrid-Pamplona 84.27 47 Madrid – Badajoz 80.01 
23 Valencia-Bilbao 84.23 48 Madrid – Huesca 80.01 
24 Madrid-Burgos 84.21 49 Madrid-Teruel 80.01 
25 Madrid-Valladolid 84.00 50 Sevilla – Malaga 79.93 
 
First, the model was validated by comparing these results to the current HSR network, and recording the traffic in 
each city pair in the top 50 that benefits from a HSR link. Table 5 shows the city pairs according to their position in 
the modelling ranking, indicating distance, travel time and annual traffic recorded in 2011. It can be seen that traffic 
decreases as we go down the ranking, with Madrid-Barcelona continuing to be the top origin-destination pair with 
more than 2.5 million passengers. In general terms, the results can be assumed to be consistent with recorded traffic, 
and the proposed model, which focuses mainly on the size and transit offer of metropolitan areas, can be used as a 
tool in a HSR network planning process. Nevertheless, Table 5 also shows some deficiencies in the ranking list that 
require explanation. Madrid-Valencia is second in the ranking list, but the recorded traffic in 2011 was lower than 
for Madrid-Seville (position 4); this may be for two main reasons. First, the Madrid-Seville line opened in 1992, and 
Madrid-Valencia in 2010; this latter connection had probably not yet reached its “maturity”. Furthermore, Seville 
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has a considerable tourism attraction factor, and the model only considers (for each metropolitan region) population, 
transit and per capita GDP. These conclusions can be extended to another poor scoring connection, Madrid-Cordoba 
(ranking position 34), with 800,679 passengers. Tourism is clearly a trip attractor variable, and particularly in 
countries where tourism is one of the main contributions to national GDP (over 10% in Spain).  
 
Table 5. Long-distance HSR traffic for the only top 50 city pairs currently in operation. Source: Observatorio del Ferrocarril en 
España (Ministerio de Fomento, 2012). 
Origin 
 
Destination Ranking position Distance 
(km) 
Year service opened HSR Travel time 
(min) 
Passengers 2011 
Madrid Barcelona 1 621 2008 150 2,545,907 
Madrid Valencia 2 391 2010 100 1,836,500 
Madrid Seville 4 471 1992 150 2,137,026 
Madrid Zaragoza 6 306 2003 75 1,175,053 
Madrid Malaga 9 513 2007 150 1,433,361 
Barcelona Zaragoza 10 260 2008 90 600,511 
Madrid Cordoba 34 345 1992 105 800,679 
Madrid Valladolid 25 180 2007 56 1,083,590 
Madrid Lérida 35 442 2003 125 238,754 
Madrid Tarragona 39 521 2006 150 294,702 
Madrid Albacete 41 322 2010 90 248,992 
Seville Malaga 50 270 2008 110 104,317 
 
 
 
Fig. 1 –Current Spanish HSR lines in operation with their year of opening (above, Figure 1.a). Proposal for a theoretical construction phasing 
based on the modelling results (below, Figure 1.b) 
 
 Lastly, Figure 1.b shows a proposal for a theoretical phasing of construction based on the modelling results. This 
proposal has been compared with the real process in Figure 1.a. As can clearly be seen, the construction of the 
Spanish HSR network should have begun with the Madrid-Barcelona-Valencia triangle, and this is consistent with 
the population density of this triangle area. The phasing would have continued with the Madrid-Bilbao and Madrid-
Seville corridors, followed by other secondary connections like Madrid-Murcia and Madrid-Gijón/Oviedo. Sadly, 
the Madrid-Bilbao line is today far from coming into operation, and the real construction phasing has differed from 
the one suggested by the modelling results. The reasons for these changes can be found in the targets and priorities 
defined in the planning process set down by different Spanish governments during the last 20 years, not always using 
the same criteria. In terms of recommendations, the research has revealed that the direct application of the ranking 
methodology to the Spanish case entails several difficulties (mainly due to the considerable differences between the 
European and the U.S. context). In order to point to a proposal for the generalised extrapolation of the methodology 
to other countries, the authors present here some specific suggestions: the elimination of redundant and dependent 
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variables (e.g.: population variables can be unified into one single one: the population of the metropolitan area) and 
the evaluation of a city’s local transit system using a variable that actually measures accessibility to the future HSR 
station (not merely the existence and length of different local networks). Other recommendations include the 
introduction of a variable in the model to take account of current interurban alternatives to the future HSR line and 
the possible elimination of the city congestion variable, analysing instead the existence of congestion in the current 
interurban transport systems (airports, conventional rail lines or roads). 
4. Conclusions 
The application of the model to Spain required an adjusted database and was validated using current 2011 HSR 
traffic. In conclusion, the results are consistent with the traffic recorded, and the proposed model –focusing mainly 
on the size and transit offer of metropolitan areas– can be used as a tool in a HSR network planning process. Some 
deficiencies in the final Spanish ranking list clearly highlight the model’s weaknesses. It is important to identify the 
predominant economic activity of a metropolitan area (not only its per capita GDP) as a demand attractor and the 
type of future HSR operation. A different evaluation should be given to the cities located within a 200 km radius 
from the centre of a major metropolitan area, especially if HSR regional services are to be offered to potential 
commuters. The previous alternative transportation modes to HSR for each candidate corridor are also factors 
capable of producing slight modifications in the final ranking results. The location and accessibility of the future 
HSR station from the city centre will also affect a city’s assessment, although its location is not usually fixed in this 
initial planning stage. Finally, recommendations for any new HSR network planning process include setting down 
the main targets and priorities before ranking the potential corridors; and conducting a study of the previous 
transportation system. Some criteria for territorial equity could help to avoid future transportation accessibility 
deficiencies for cities that are not part of major metropolitan areas.  
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